ABSTRACT Objective: To evaluate the safety and efficacy of hCDR1 (Edratide) in patients with systemic lupus erythematosus (SLE).
INTRODUCTION
Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease characterised by the production of autoantibodies, and by impaired function of T and B cells. 1 2 The pathogenesis of SLE has been shown to involve B and T cell apoptosis, 3 4 cytokines 5 6 and impaired regulatory T cell function. 7 8 Due to the complex nature of the disease, progress in developing new SLE treatment modalities has been slow. 9 10 Until the approval by the Food and Drug Administration in 2011 of belimumab, 11 no new drugs had been approved for the treatment of SLE since 1955. There is therefore a clear need for new therapeutic agents. 12 hCDR1 (Edratide) is a novel synthetic peptide of 19 amino acid residues (H-G-Y-Y-W-S-W-I-R-Q-P-P-G-K-G-E-E-W-I) based on the complementarity-determining region 1 (CDR1) of a human anti-DNA mAb that expresses a major idiotype denoted 16/6 Id. 13 14 Treatment with hCDR1 leads to a cascade of events that culminate in the downregulation of SLE-associated autoreactive T and B cells and in the clinical amelioration of lupus. hCDR1 is therefore a candidate for treatment of patients with SLE. 15 In mouse models of SLE, treatment with hCDR1 significantly reduced immune complex deposits in the kidney, and resulted in improvement in proteinuria and leucopenia.
The treatment downregulated anti-dsDNA-specific Abs and had no significant effect on the 16/6 Id-specific antibody response while immunomodulating cytokines and apoptosis and upregulating regulatory T cells. [16] [17] [18] In addition, hCDR1 was also shown to significantly and specifically downregulate IFN-α gene expression. 19 In a large animal ( porcine) model, hCDR1 administration resulted in improvement in the clinical SLE-related manifestations. In addition, the treatment reduced the
KEY MESSAGES
▸ Edratide demonstrated efficacy in one and possibly more clinically meaningful endpoints. ▸ Dose ranging studies demonstrated the 0.5 mg subcutaneous weekly was the most effective dose. ▸ There were no safety signals in this 26 week study.
gene expression of the pathogenic cytokines interleukin 10 (IL-10), tumor necrosis factor α (TNFα), IFN-γ and interleukin 1β (IL-1β) and elevated the expression of TGF-β, the antiapoptotic molecule Bcl-xL and the suppressive master gene, Foxp3.
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In vitro, hCDR1 downregulated the proliferation of peripheral blood mononuclear cells (PBMC) of patients with SLE. 12 Furthermore, incubation of hCDR1 with PBMC of patients with SLE diminished the gene expression of pathogenic cytokines and of T cell apoptosis and upregulated the expression of TGF-β leading to the expansion of functional regulator T cells. 21 A small-scale human study 22 examined gene expression in PBMC of nine patients with lupus who were treated for 26 weeks with Edratide. Disease activity was assessed by SLEDAI-2K and the British Isles Lupus Assessment Group (BILAG) scores. Edratide restored the global immune dysregulation of patients with lupus by downregulating in vivo gene expression of apoptosis, BLyS and pathogenic cytokines, and upregulating immunosuppressive molecules associated with a significant decrease in SLEDAI-2K and BILAG scores in the Edratide treated patients. 22 This report describes a phase II double-blind, placebocontrolled, dose-ranging study of the safety and efficacy of Edratide in patients with active SLE who were receiving standard SLE treatment.
MATERIALS AND METHODS

Study design
The Study to Evaluate the Tolerability, Safety and Effectiveness of Edratide in the Treatment of Lupus (PRELUDE) was a phase II, multinational (USA, Canada, Mexico, France, Germany, UK, Spain, Holland, Italy, Russia, Hungary and Israel) multicentre, randomised, double-blind, placebo-controlled study to assess the efficacy, tolerability and safety of Edratide in patients with mild-to-moderate SLE.
Eligible subjects were randomised in a 1:1:1:1 ratio into one of the following four treatment groups: 0.5 mg Edratide, 1 mg Edratide, 2.5 mg Edratide, Placebo for Edratide. Edratide was administered weekly as a subcutaneous injection prepared from freeze-dried (lyophilised) powder containing Edratide acetate in doses corresponding to 0.5 mg, 1.0 mg or 2.5 mg of Edratide free base and/ or 120 mg sulfobutylether beta-cyclodextrin sodium (SBECD, Captisol).
Inclusion criteria
A SLEDAI-2K score of 6-12 and stable concomitant medications ( prednisone <40 mg, non-steroidal antiinflammatory drugs (NSAIDs) antimalarials) for at least 1 month prior to baseline.
Exclusion criteria
Active central nervous system (CNS) lupus, active lupus nephritis ( protein to creatinine ratio limit of ≥0.75 and/or no active urine sediments), treatment with azathioprine (AZA), methotrexate (MTX) within 4 weeks prior to baseline or treatment with any other immunosuppressive drugs within 3 months prior to baseline. Change of any dose of antimalarial agents during the last month prior to randomisation. Any investigational drug or immunomodulating medication taken within 3 months prior to randomisation. Any cytotoxic agents (eg, cyclophosphamide, mycophenolate mofetil, ciclosporin, leflunomide, chlorambucil) or any immunosuppressive agents or immunomodulators not mentioned above (eg, infliximab, etanercept), intravenous Ig or plasmapheresis in the 3 months prior to randomisation.
Steroid dosing
The study comprised two stages. Eight weeks of a combination phase with steroids, in which subjects were treated with Edratide (or placebo) in addition to their ongoing steroid dose to allow the induction of Edratide activity. This was to be followed by 18 weeks of a steroid withdrawal phase where steroid dosage was tapered down. Briefly, the steroid withdrawal algorithm was as follows: during the first 8 weeks, based on the patient's condition, the investigator could reduce the steroid dose by up to 30% or, alternatively, if the patient was not in stable remission, could increase the steroid dose up to a daily dose of 60 mg. Starting week 9, a 10-week tapering process began based on the patient's steroid dose. For example, a patient who entered on 30 mg steroids and maintained that for the first 8 weeks would reduce the steroid dose for 2 weeks to 20 mg, and if there was no deterioration in the patient's condition, the dose was then reduced to 17.5 mg for 2 weeks. This process continued until the patient reached the target level of 7.5 mg.
If the disease worsened during the withdrawal phase, the patient was instructed to contact the site investigator and steroids could be tapered up according to the algorithm. When deemed clinically feasible by the investigator, tapering down was resumed.
Safety assessments
The incidence and frequency of adverse events (AEs) were categorised according to a regulatory accepted dictionary. Data were tabulated by treatment group, gender, maximal severity, maximal outcome, maximal action taken and maximal relationship to the tested drug. At baseline and weeks 4, 8, 12, 16, 20, 24 and 26/termination, urinalysis was performed and blood samples were obtained for haematology and clinical chemistry analyses.
Outcomes
Since this was a phase II study aiming to assess efficacy and appropriate dosing, we were interested in having as much data on drug as possible and therefore used the Last Observed Value (LOV) approach.
Primary
The primary outcome of the study was a significant difference in the reduction in SLEDAI-2K and SLEDAI Adjusted Mean SLEDAI (AMS) 23 
Secondary
British Isles Lupus Assessment Group
The first secondary outcome measure was BILAG Index. 24 The BILAG assessment consists of 86 questions, some based on the patient's history, some on examination findings and others on laboratory results. The scoring system used was A=12; B=5; C=1; D/E=0. 25 
BILAG responders
For this study, several terms were used: Substantial responder (SR)-all systems at LOV are either C or D/E, provided that at least one system was either A or B at baseline. Non-responder (NR)-same BILAG score in LOV as in baseline in all systems or new A or B in at least one system compared with baseline (other systems may improve or deteriorate). Partial responder (PR)-at least one system improved, at least one system did not improve from A or B at baseline to C or D/E at LOV and no other system deteriorates from C or D/E at baseline to A or B at LOV. This study was concluded at the end of 2007, prior to the development of the systemic lupus responder index-4 (SRI-4) and BICLA indices. As a consequence, a post hoc responder index was implemented, which is very similar to the above measures. This outcome measure, Composite SLE Responder Index was designated cSRI. Composite SLE Responder Index (cSRI). SLE composite indices are composite measures of disease activity and responders are designated based on criteria of response and no deterioration measures. In the past, three validated indices were used: SELENA-SLE Disease Activity Index (SELENA-SLEDAI); Physician Global Assessment (PGA) and the BILAG 2004. 26 In the present study, cSRI was based on two validated indices, BILAG and SLEDAI only, that is, improvement in BILAG but no deterioration in SLEDAI-2 K. It should be noted that at the time this study was performed the present-day systemic lupus responders indices (SRIs) were not available, but the cSRI used in the study was very similar.
Flare analysis was performed according to accepted protocols. 27 Mild-to-moderate flare was defined as a change in SLEDAI of ≥3 points or new onset/worsening of skin manifestations, stomatitis, serositis, arthritis, fever (oral temperature), or an increase of the subject's prednisone dosage, but not exceeding 0.5 mg/kg/day, or adding of NSAIDs/Plaquenil, or an increase in PGA ≥1.0 (but not more than 2.5).
Severe flare was defined as an increase of total SLEDAI to >12 points (by at least 3 points) or new onset or worsening of CNS-SLE, vasculitis, nephritis, myositis, platelets <60 000, haemolytic anaemia with Hb <7 g/dL requiring hospitalisation for SLE, or an increase of the subject's prednisone, exceeding 0.5 mg/kg/day, new immunosuppressive drug or increased PGA to >2.5.
Flare definition by BILAG Index was defined as a new A or B score in at least one system according to the BILAG Index. Moderate disease flare was defined as a new B score following a C, D or E. A severe flare was defined as a score of A in any system having previously been a lower activity score (ie, B/C/D/E).
Statistical analysis
The principal statistical analysis of SLEDAI-2K change from baseline to LOV was carried out using analysis of covariance (ANCOVA-SAS general linear models procedure), with treatment group the independent variable and the covariates medical centre, SLEDAI-2K score at baseline, PO steroids dose at baseline and damage score (SLICC-ACR-DI) at baseline.
AMS represents the time-weighted average of disease activity as measured by SLEDAI-2K score according to AMS i =AUC i /ei, where AUC i =SLEDAI-2K area under curve on change from baseline for the ith subject and ei=total exposure (in weeks) of the ith subject.
BILAG responder analyses were performed using multinomial regression (SAS PROC GENMOD procedure), with treatment group serving as an independent variable. Medical centre, per os (PO) steroids dose at baseline, damage score (SLICC-ACR-DI) at baseline as well as BILAG numeric total score at baseline were included as covariates.
Comparisons between groups for medicinal flare analyses were done using logistic regression (SAS GENMOD procedure). Medical centre, PO steroids dose at baseline, damage score (SLICC-ACR-DI) at baseline and indicator whether the subject had A or at least 2B's at baseline were included as covariates. Medicinal flare was defined as new or increased oral prednisolone dose by at least 5 mg/day (or equivalent), from baseline or any intravenous or intramuscular steroids dose; new immunosuppressive drugs or new or increased dose of antimalarial drugs.
Human subject protection
The study was conducted in accordance with the ethical principles of the Declaration of Helsinki. All participating sites received approval from an institutional review board or ethics committee before patient enrolment. All patients provided written informed consent before any study-related procedures were performed.
RESULTS
Study population
Four hundred and fifty-five subjects were screened for this study; 115 were screening failures. The reasons for non-enrolment were 70.4% did not meet inclusion/ exclusion criteria, 20% decided to withdraw and for 9.6% the reason was recorded as 'Other'. Figure 1 shows the subgroups of subjects in the study. Thirteen subjects on 0.5 mg Edratide, 13 subjects on 1.0 mg Edratide, 11 subjects on 2.5 mg Edratide and seven subjects on placebo terminated the study prematurely.
See online supplementary table B for additional details about the study population. Demographic characteristics are summarised in table 1. The four groups are comparable in the distribution of age, sex, race and BMI.
There was no statistical difference between the treatment groups in terms of steroids at baseline (table 2) .
Safety
Adverse events (AEs) AE incidence was similar in all groups: 82.1%, 77%, 75.6% and 79.3% on 0.5 mg Edratide, 1 mg Edratide, 2.5 mg Edratide and placebo, respectively (table 3) .
Serious adverse events (SAEs)
Serious adverse events (SAEs) were reported in 6 (7.1%) subjects from the 0.5 mg Edratide group, 10 (11.5%) subjects from the 1.0 mg group, 8 (9.8%) subjects from the 2.5 mg group and 9 (10.3%) subjects from the placebo group. SAE incidence for the pooled Edratide group was similar to placebo: 9.5% versus 10.3% with no statistical differences in the risk ratio of pooled Edratide versus placebo. Most common for both Edratide and placebo were infection-related SAEs: 3.2% (N=4 on 0.5 mg, 2 on 1 mg, 2 on 2.5 mg) versus 4.6% in the placebo group (N=2).
Efficacy SLEDAI-2K and AMS
The PRELUDE study failed to meet its two primary endpoints. There was no statistically significant difference between or within the four arms at baseline and at any of the three visits. Overall, a mean reduction from the baseline SLEDAI-2K score of about 35% was noted in all treatment arms, including placebo. 
British Isles Lupus Assessment Group
Predefined BILAG responder analysis of the intention to treat (ITT) cohort showed a statistically significant difference ( p=0.03) between the 0.5 mg Edratide arm (n=76) and the placebo arm (n=83) (figure 2A). The 1 mg and 2.5 mg doses produced non-significant responses.
When the predefined definition of the BILAG SRs was applied to the cohort of 292 subjects (85% of the ITT cohort), with prednisolone dose <20 mg at baseline, 40% (n=27) of the subjects treated with 0.5 mg Edratide had a substantial response, while only 19% (n=13) of the placebo arm were SRs ( p=0.007, OR=2.75) (figure 2B).
In a small group of patients who received no steroids at baseline and who were treated with 0.5 mg Edratide, 54% (n=7) of the Edratide group were SRs as opposed to 13% (n=2) of the placebo group ( p=0.05).
A clinically significant effect was identified in seropositive patients (anti-DNA >30 IU). Forty-six per cent (n=12) of the SR group were treated with Edratide as compared with 26% (n=8) with placebo. In addition, 68% (n=21) of the non-responder group were treated with placebo, while 42% (n=11) ( p=0.05) were treated with 0.5 mg Edratide ( figure 2C ).
In the ITT group, post hoc analysis of flare scoring showed that while 17% (n=14) of subjects on 0.5 mg Edratide had a medicinal flare, 29% (n=25) of the subjects on placebo flared ( p=0.039, OR=0.43) ( figure 3 ).
In addition, cSRI analysis substantiated the positive effects of Edratide with 34% (n=26) of the 0.5 mg Edratide group being positive responders as compared with 20% (n=17) of the placebo group (p=0.058) (figure 4).
Covariate analysis did not find relation between response and body weight. The disease activity clusters that showed at least a trend towards response are summarised in table 4 .
DISCUSSION
This phase II, randomised, controlled trial had a number of goals: (1) to examine the efficacy of Edratide in treating SLE and to select the appropriate outcome measure to detect efficacy; (2) to determine whether there is a subset of patients for which Edratide may be most efficacious; (3) to determine an appropriate dose for future studies; (4) to examine how corticosteroids may influence the effects of Edratide and (5) to monitor for any safety-related issues. As discussed below, while the trial did not meet its primary endpoints, the trial successfully addressed each of the items above. Edratide demonstrated efficacy in one and possibly more clinically meaningful endpoints. The 0.5 mg dose showed a significant increase in BILAG SRs (and a trend in a combined BILAG and SLEDAI-2K Responder Index) as compared with the placebo group.
While various BILAG analyses and flare definitions supported the possible advantage of Edratide over placebo, neither of the SLEDAI-2K post hoc analyses yielded clinically or statistically meaningful effect. It should be remembered that the SLEDAI-2K captures only complete resolution of a manifestation score, while the BILAG score is more nuanced in that it also captures partial improvement or worsening of SLE manifestations.
In the ITT cohort, there was a significant difference between 0.5 mg Edratide and the placebo group in BILAG substantial response, and similar trends were observed in the 1.0 and 2.5 mg dose groups. In addition, this study demonstrated that Edratide may be more effective in patients receiving lower or no steroids as well as in seropositive patients. As noted above, there was a significant difference between 0.5 mg Edratide and the placebo group in BILAG substantial response for patients with prednisolone dose <20 mg at baseline.
The median total BILAG score also supported the idea of a possible advantage of the 0.5 mg dose versus placebo and the non-parametric test yielded p=0.038 on the prednisolone dose <20 mg at baseline cohort (data not shown).
This study also helped determine the appropriate dose of Edratide for future studies. In this trial, the 0.5 mg dose was the optimal dose in all outcome measures. The fact that the low dose was the most effective is a well-known phenomenon in immunology where, for induction of tolerance, low doses of the tolerogens used are required. 28 29 This study also demonstrated that corticosteroids masked the effects of Edratide. Due to their strong immunosuppressive effect on the clinical manifestations, corticosteroids have been shown in animal studies 30 to mask, but not interfere with, the beneficial effect of hCDR1.
The same phenomenon was seen in this PRELUDE study. During the first 8 weeks of the study, the protocol stated that the baseline steroid dose be kept stable (no more than 30% reduction), while during the subsequent period the protocol suggested a gradual tapering-down scheme to a minimum of 7.5 mg prednisolone per day. Non-compliance with the tapering-down scheme was not regarded as a protocol violation. During the entire course of the study, an increase of up to 60 mg of the prednisone dose was permitted. Thus, the continued use of steroids in certain patient groups may have masked the effects of Edratide. The fact that this interference by steroids was not identically manifested in SLEDAI and BILAG may simply reflect the fact that SLEDAI did not detect a partial improvement of a manifestation.
Corticosteroids play an important role in the management of active SLE, but are also a major contributor to the damage accumulation over time. More effective management of disease activity by Edratide could lead to the reduction or elimination of steroid use, thus reducing its toxicity.
Finally, this trial demonstrated that the SAEs seen in the Edratide group were not statistically higher than those noted in the placebo group and indicated the favourable safety profile of Edratide at the doses used.
In summary, the results of this study indicate that Edratide appears to be safe and the lowest dose (0.5 mg) appears to be efficacious in suppressing SLE disease activity. At the time this study was performed, it was generally accepted that efficacy of SLE-modifying agents could be shown at 6 months. However, it has subsequently been shown that the minimum time for proving efficacy has been determined to be approximately 1 year. 31 Future studies with Edratide will therefore be longer term, will use one of the newly developed responder indices as the endpoint, include seropositive patients, modify the definition of acute lupus nephritis to protein to creatinine ratio limit of ≥0.75 and active urine sediments and also implement a strict steroid withdrawal algorithm. 
